The mammalian gastrointestinal tract, the site of nutrient digestion and absorption, harbors a dense microbial community. The intestinal immune system can distinguish between symbiotic bacteria and pathogens, and activates pro-inflammatory responses against pathogenic bacteria for host defense while remaining unresponsive to the beneficial microbes and dietary antigens. Abnormal activity of innate immunity, which directs the development of adaptive immunity, causes the onset and/or progression of several inflammatory diseases. Thus, activity of innate immunity is finely regulated in the gut. Inflammatory bowel disease is a chronic inflammatory disorder caused by alteration of several factors, such as host genetics, commensal bacteria and diet-derived compounds and metabolites. In intestinal mucosa, multiple innate immune cells have been identified and some populations play a crucial role in the maintenance of gut homeostasis by preventing inadequate adaptive immune responses while others are implicated in the pathogenesis of inflammatory bowel disease by driving Th1 and Th17 responses. In addition, recent studies demonstrated that dietary components and their metabolites produced by commensal bacteria contribute to the generation of a unique intestinal environment and further regulation of a variety of immune responses. Accordingly, alterations of intestinal microbial composition and perturbation of metabolites can trigger intestinal inflammation by inducing inadequate innate/adaptive immune responses.
Introduction
The gastrointestinal tract is composed of complex . Most loci had an impact on both CD and UC, while some loci were specific for either CD or UC. Among these gene products, NOD2
is well studied 8) . The NOD2 ligand, the core component of a peptidoglycan muramyl dipeptide, induces autophagy, which controls bacterial killing and antigen presentation that are associated with ATG16L1, which is also linked to CD susceptibility 9) . In addition, NOD2 signaling may mediate immune tolerance by inhibiting Toll-like receptor (TLR)-dependent NF-κB signaling 10) and inducing the production of IL-10, an anti-inflammatory cytokine 11, 12) . Interestingly, . Antigen cross-presentation by CX3CR1 . (ii .
2)Human intestinal innate immune cells

Commensal bacteria and gut homeostasis
The mammalian gastrointestinal tract is exposed to ( Fig. 2A) . In addition, Bacteroides fragilis protected mice from experimental colitis via the induction of IL-10-producing Treg cells 63) (Fig. 2B) . The beneficial effect of B.
fragilis depends upon the expression of polysaccharide A that binds to TLR2 on CD4 + T cells 64) . Meanwhile, segmented filamentous bacteria (SFB) 65) mediate Th17 cell induction in the small intestine (Fig. 2C ). Mice colonized with SFB were resistant to infection with Citrobacter rodentium, indicating Th17 cell initiation by SFB is responsible for protective immune responses 65) . SFB was previously shown to induce IgA production in the small intestine 66) . Moreover, SFB induces Th1 and Treg cells in Peyer's patches 67) , indicating SFB might coordinate an intestinal adaptive immune system by multiple mechanisms. In addition to its protective role during infection, SFB monocolonization of K/BxN mice triggered autoimmune arthritis through Th17 cell accumulation 68) , and enhanced experimental autoimmune encephalomyelitis (EAE) via the induction of Th17 cells and autoantibody-producing B cells in the central nervous system 69, 70) . Thus, Th17 cell differentiation by SFB colonization is connected to the development of autoimmune diseases while contributing to mucosal protection against pathogens.
Recent advances in our understanding of probiotics, live microorganisms that confer a health benefit, strongly suggest that these microorganisms can modulate gut homeostasis. Probiotics mainly consist of lactic acid bacteria such as Lactobacillus and Bifidobacterium species, which upon administration in proper amounts have proven beneficial in a variety of immunopathologies 
Nutritional components and gut homeostasis
Gut microbiota contribute to digestion associated with vitamin synthesis, generation of lipid mediators, and production of short-chain fatty acids (SCFAs) such as butyrate, acetate, and propionate, and lipid absorption.
Accumulating evidences demonstrated that nutritional metabolites are influenced by microbial community structures and that dietary components contribute to shape microbiota architecture 54, 92) . Nutrients and their metabolites derived from commensal bacteria regulate the development of host immunity.
High dietary fiber consumption is linked to a low death rate from cancer, cardiovascular disease and respiratory diseases, while consuming a high-fat and low fruit and vegetable diet correlates with a high frequency of asthma [92] [93] [94] .
In addition, high consumption of saturated fat changes the constitution of the intestinal microbial community by promoting alterations in bile acid composition. This was shown to increase the onset and incidence of colitis by excessive Th1 responses in IL-10-deficient mice, but not wild-type mice 95) . Collectively, abnormal connections among commensal bacteria, metabolites, and host immune cells are linked to increased morbidity of chronic inflammatory disorders such as IBD in genetically susceptible hosts.
1)G protein-coupled receptors
Many G protein-coupled receptors (GPCRs), which bind both dietary and bacterial metabolites, have been identified. The best-characterized GPCRs contributing to the maintenance of gut homeostasis are GPR43, a receptor for formate, acetate, propionate, and butyrate, and GPR109A, a receptor for butyrate and nicotinic acid.
In a model of colitis, Gpr43 -deficient mice developed exacerbated or unresolving inflammation, indicating that
GPR43 binding to SCFAs is responsible for the induction of
anti-inflammatory responses 96) . A lack of GPR109A caused decreased numbers of Treg cells owing to the diminished anti-inflammatory properties of colonic macrophages and
DCs. In addition, GPR109A mediates butyrate-dependent IL-18 production by colonic epithelial cells 97) and binds tryptophan metabolites such as nicotinic acid, which suppress inflammatory cytokine production by immune cells, endothelial cells and adipocytes 98, 99, 100) .
2)Vitamins
Vitamins are divided into hydrophilic (vitamin B family and vitamin C) and hydrophobic (vitamin A, D, E, and K) 
3)Dietary lipids
Fatty acids generated by the digestion of dietary lipids mediate the regulation of intestinal immune responses.
Lack of lipid mediator signaling pathways is associated
with an imbalance in immune responses, leading to the development of inflammation, allergy, cancer, and metabolic syndrome [110] [111] [112] . Saturated fatty acids are thought to promote inflammatory responses whereas unsaturated fatty acids mediate both pro-and anti-inflammatory responses 113, 114) .
ω-3 fatty acids, polyunsaturated fatty acids, are gut microbiota-independent metabolites and precursors of prostaglandins. ω-3 fatty acids exert an anti-inflammatory effect by inhibiting the expression of IL-1β, IL-6, and TNF-α in CD11c + macrophages via GPR120 115, 116) .
Bile acids synthesized by commensal bacteria have been reported to maintain gut homeostasis through regulation of the host immune system. In macrophages and monocytes, bile acid signaling affects the induction of antiinflammatory responses by inhibiting NF-κB activity and NF-κB-dependent transcription of Il6, Tnf, Il1b, and Ifng genes via the G protein-coupled bile acid receptor (GPBAR1) and nuclear receptors subfamily 1, group H, member4 (NR1H4, also known as FXR) [117] [118] [119] . Some patients with IBD show intestinal dysbiosis, which is associated with a decreased concentration of bile acid in the feces and periphery compared with healthy individuals 120) . This indicates that altered bile acid production by the commensal bacteria-host immune system axis might contribute to the development of IBD.
Another lipid mediator, sphingosine 1-phosphate (S1P), a metabolite obtained from diet, is essential for immune cell trafficking. S1P concentration is high in the blood and lymph because S1P receptor-expressing cells sense the S1P gradient and migrate towards high levels of S1P. In Peyer's patches, IgM + naive B cells highly express the type 1 S1P receptor (S1P1). However, S1P1
expression is downregulated during IgA class switching because decreased expression of S1P1 allows newly .
4)Short-chain fatty acids
The major metabolites produced by commensal bacteria- 
5)Amino acid
Tryptophan is an essential amino acid that mammals obtain from diet and intestinal microbiota-dependent 
